Introduction: Tobacco use among transgender adults continues to be an area of research with few reported findings. The limited literature indicates higher cigarette use among transgender adults, compared with the general population. This national study is the first to report on cigarettes, cigars, and e-cigarettes by examining differences in transgender tobacco use independent of sexual orientation.
INTRODUCTION
F or nearly 20 years, an increasing number of published scientific articles have substantiated higher rates of tobacco use among adult lesbian, gay, bisexual, and transgender (LGBT) individuals, both for smoking and for different types of tobacco use, when compared with heterosexuals. 1, 2 Prior studies have largely limited their analysis to sexual orientation (i.e., lesbian, gay, bisexual, and heterosexual adults); in recent years, studies have begun to disaggregate the LGB group and examine intragroup differences in tobacco use for lesbian, gay, bisexual, or other sexual minority-identified adults. 1, [3] [4] [5] However, data reported on tobacco use among transgender populations remains scant. 6, 7 (Note: Transgender is a term for a person whose sense of gender From the 1 Horizons Foundation, San Francisco, California; 2 Moores Cancer Center at the University of California, San Diego, San Diego, California; 3 Boston University School of Public Health, Boston, Massachusetts; 4 National Opinion Research Center at the University of Chicago, Chicago, Illinois; 5 Fay W. Boozman College of Public Health at the University of Arkansas for Medical Sciences, Little Rock, Arkansas; and does not correspond with their birth sex and cisgender is a term used to describe people who are not transgender.)
The 2010 American Lung Association comprehensive report on LGBT and tobacco use acknowledged that there were no published studies on transgender cigarette smoking. 8 Since 2010, a few have emerged. One study conducted in Missouri, a convenience sample of attendees of four pride festivals throughout the state and an online survey, showed that cigarette smoking rates were nearly twice as high for transgender/genderqueer (43%) than heterosexual individuals (27%). 9 A community study conducted in San Francisco found that 83% of transgender women respondents indicated that they had smoked a cigarette in the last month, and of these women, 62.3% reported daily smoking. 10 A similar study of transgender adults in Massachusetts found that 43.2% of transgender adults living in an "HIV hot spot" were current smokers compared with 34.3% of transgender adults who did not live in a geographically defined HIV hot spot. 11 Data from the largest study, the National Trans Discrimination Survey, which used a nonprobability sample (N¼6,400), found that 30% of transgender respondents were smoking daily or occasionally versus 20.6% of the general population. 12 In another analysis of adults from this sample, researchers found that some college educational attainment was protective against cigarette smoking whereas lack of insurance, use of alcohol or drugs, and experience of structural discrimination was associated with higher risk for cigarette smoking. 13 Furthermore, the Massachusetts Behavioral Risk Factor Social Survey, which used a probability sample, found that 36.2% of transgender compared with 17.3% of cisgender adults were current smokers. 14 There is a dearth of data on transgender tobacco use from nationally representative samples. Two separate papers used data from the 2009-2010 National Adult Tobacco Survey and found that tobacco use among the LGBT aggregate group was higher than non-LGBT adults. 15, 16 Stratified analyses based on sexual orientation and gender identity could not be done because the 2009-2010 National Adult Tobacco Survey only had one question that conflated sexual orientation and gender identity. King et al. 15 acknowledged this to be a limitation as respondents were not given multiple response options to indicate being transgender and their sexual orientation.
Exploring tobacco use among transgender populations is of vital public health importance as initial evidence indicates LGBT populations, and transgender populations in particular, are at disparate risk for using tobacco, and thus may be at disparate risk for a variety of negative health outcomes associated with tobacco. However, without empirical data, it is impossible to determine the extent of this disparity if it does in fact exist. This study is a step in that direction.
The objective of this study is to use a national sample to examine intragroup differences in tobacco use for transgender adults; this is the first such research. This study used two separate LGBT measures to differentiate gender identity from sexual orientation. This made it possible to examine tobacco use for transgender versus cisgender adults and account for sexual orientation. The results from this paper fill a gap in the literature by providing additional data on cigarettes and cigars, and first-time data on e-cigarettes among transgender adults and identifying the specific risk of use among transgender participants. These data can be used to inform the design of tobacco prevention and cessation interventions that target transgender adults.
METHODS

Study Population
Data for this study were collected as part of an online survey, Tobacco in a Changing Media Environment, developed to assess tobacco use behaviors among adults aged Z18 years and administered by the GfK Group in February and March 2013 (N¼17,522). The recruitment design has been reported previously. 2, 17 The majority of participants (75%) were drawn from GfK's KnowledgePanels (KP), a probability-based sample of adults recruited using random-digit dialing supplemented by addressbased sampling. Of the 34,097 KP members, 61% completed screening for eligibility and 97% of those eligible completed the survey. Tobacco users were oversampled to ensure sufficient sample size for that group. GfK augmented the KP sample by collecting an off-panel convenience sample (25%) and screening people who clicked on online ads for study eligibility. The augmented sample was then calibrated into the probability-based sample on demographic characteristics and tobacco use status. Because there was no sampling frame, response rates for the convenience sample are not available. Respondents who did not (or refused to) report their gender identity were excluded (n=190). Of 168 transgender respondents, 74 (44%) were KP members and 94 (56%) were from the off-panel sample. Respondents provided online consent prior to participation.
Weighting adjustments were made to compensate for deviations from equal probability sampling. Post-stratification weights were developed to account for non-response, oversampling of tobacco users, calibration of off-panel respondents, and other sources of non-sampling error.
The resulting sample included 17,332 respondents, of whom 168 were transgender and 17,164 were cisgender. The study received IRB approval from the University of Illinois at Chicago and the University of California, San Diego.
Measures
The measures used in this study included sociodemographic factors, gender identity, and tobacco use behaviors. Sociodemographic variables included self-reported sexual orientation (lesbian, gay, bisexual, or heterosexual), age, gender, race and ethnicity, household income, and education, which were obtained from participants using standard questions. 2 Self-reported gender status was obtained by participants' response of either male or female to the question: What is your gender?
Self-reported transgender status was obtained by asking: Do you consider yourself to be transgender? Participants responded yes or no.
Data were collected on cigarette, e-cigarette, and cigar use. Participants were asked about lifetime (ever) use of cigarettes, e-cigarettes (e-cigs), regular cigars, cigarillos, and mini cigars (yes/ no). Ever users of cigarettes were asked an open-ended follow-up question: On how many of the past 30 days did you smoke cigarettes? Using these two questions, current (past 30-day) cigarette use was dichotomized as not in the past 30 days and in the past 30 days, and never users were included as not being current cigarette users. Ever users of e-cigarettes and cigars were asked a slightly different follow-up questions: Do you now use [e-cigarettes OR cigars] every day, some days, or not at all?
Responses were dichotomized into current use (every day and some days) or no current use (not at all). Those who self-reported having never tried the tobacco product or who reported trying but not currently using the tobacco product were categorized as noncurrent users of the corresponding product. Respondents who reported currently using the tobacco product some days or every day were categorized as current users. Cigar categories (cigars, cigarillos, and mini cigars) were combined into a single cigar use variable. (Note: E-cigarettes are conceptualized as tobacco products as they have recently been deemed as such and are now regulated by the U.S. Food and Drug Administration.)
Statistical Analysis
Prevalence of tobacco product use was estimated for transgender and cisgender participants. Rao-Scott F-tests were employed to examine differences in current use of tobacco products (cigarettes, e-cigarettes, cigars) between transgender and cisgender adults. Current use of tobacco products (any use of cigarettes/cigars/ e-cigarettes) was modeled using logistic regression, adjusting for age, gender, sexual orientation, race or ethnicity, household income, and educational attainment. All analyses were performed using survey procedures in Stata, version 13 to account for survey designs and weights in 2015. Unweighted frequencies, weighted percentages, and weighted ORs are reported. The four outcomes of current use of tobacco products were analyzed in relation to gender identity and multiple covariates. In each, the point estimates and 95% CIs are reported using the survey logistic procedure and indicate the statistical significance controlling for a false discovery rate at 0.05. 18, 19 
RESULTS
Of all respondents, 0.9% identified themselves as transgender. Table 1 presents sociodemographic characteristics and tobacco use prevalence by transgender and cisgender identity. Transgender respondents, compared with cisgender respondents, were more likely to be aged 45-64 years and non-white. No significant differences were observed by gender, household income, or educational attainment between transgender and cisgender participants. Most transgender respondents identified as heterosexual and 16.6% identified as LGB. Compared with cisgender adults, transgender respondents reported significantly higher tobacco use across products in the past 30 days, including any use of cigarettes/cigars/ e-cigarettes. This disparity was strongest for cigar and e-cigarette use: transgender respondents were 42.8 times, on average, more likely to report cigar use and 4.3 times more likely to report e-cigarette use compared with cisgender respondents. Table 2 shows the results of the logistic regression that models tobacco use in association with gender identity (transgender versus cisgender) adjusting for sociodemographic correlates of tobacco use. Transgender respondents had significantly higher odds of current tobacco use across assessed products (e.g., any cigarettes/cigars/ecigarettes) compared with their cisgender counterparts (Table 2) in the unadjusted models. Adjusted models showed that transgender adults had higher odds of current use of e-cigarettes (OR¼5.31, 95% CI¼3.36, 8.43), cigars (OR¼3.67, 95% CI¼2.23, 6.04), and cigarettes (OR¼1.85, 95% CI¼1.09, 3.15); of those, the relationships of transgender status with e-cigarettes and cigars were statistically significant controlling for the false discovery rate.
Other factors that were generally significantly associated with higher tobacco use across products were younger age and lower levels of educational attainment ( Table 2) .
Prevalence of tobacco product use was estimated among transgender and cisgender by self-reported gender (Figure 1 ). Transgender male respondents (white with black stripe bar) reported significantly higher past 30-day use of each of the assessed tobacco products: twice as high cigarette use than cisgender male (simple black bar) or cisgender female (simple gray bar) respondents, five times as high e-cigarette use than cisgender male or cisgender female respondents, and more than two (cisgender male) or six (cisgender female) times as high cigar use. E-cigarette use was three time higher among transgender female (white with black dots bar) adults than cisgender male or female adults. Similarly, transgender female adult cigar use was four times higher than cisgender female cigar use.
Nonsignificant gender differences in past 30-day tobacco use were observed within transgender adults (Figure 1 ). Transgender male respondents reported higher prevalence of past 30-day use of each tobacco product, compared with their transgender female counterparts. However, the CIs for transgender male overlapped with those for transgender female, which may be due to insufficient sample size, although it is possible that there is no difference.
DISCUSSION
This national study fills an important gap in the literature by providing evidence that transgender adults use tobacco at much higher rates than cisgender populations. The evidence is particularly telling when taking into account novel tobacco products such as e-cigarettes. In sum, disaggregate data show the differences in tobacco use among transgender adults, especially for e-cigarettes, and suggest a need for targeted interventions for transgender groups who may be at higher risk for tobaccorelated diseases given their higher tobacco use rates.
Studies using probability-based samples have begun to provide information on higher smoking rates for either the LGB population or the aggregate LGBT population. Recently, additional information has been reported about LGB adult use of other forms of tobacco, such as ecigarettes. 2 Until now, no studies have reported on tobacco use from a national sample where transgender data can be disaggregated from sexual orientation. This is the first national sample to disaggregate gender identity Note: Boldface indicates statistical significance controlling for the false discovery rate at po0.05 for 32 hypothesis tests.
LGB, lesbian, gay, bisexual.
from sexual orientation and show that transgender adults use tobacco products at significantly higher rates than cisgender respondents. Additionally, this study shows that transgender participants have a higher risk than cisgender participants to use novel tobacco products such as e-cigarettes. The findings align with other aggregate or state-based research [14] [15] [16] but provide more precise information on the breadth of the tobacco disparity in the transgender population.
The exploratory analyses of tobacco use by gender suggest that there is heterogeneity within the transgender group: Transgender male respondents appear to use tobacco at higher rates when compared with transgender female respondents across all assessed tobacco products, although this difference was not statistically significant. Further research is needed into intragroup differences among the transgender population, especially in view of further analysis from the National Transgender Discrimination Survey that has begun to provide evidence of the link between the effect of structural discrimination experienced by transgender individuals and higher risk for smoking. 13 In general, there is a dearth of research on the transgender population and tobacco use. Furthermore, national and local surveys may not ask the appropriate questions to increase the understanding of the diversity of tobacco use among different groups. For example, surveys still do not consistently assess gender identity (transgender) separately from sexual orientation; therefore, tobacco use prevalence cannot be reported for the disaggregated groups. Furthermore, disaggregate data are even more scarce because the transgender population is small and often hard to reach. This persistent gap in the scientific literature for transgender communities makes it difficult to justify the need for intervention studies that would help to reduce disease risk among these vulnerable groups. As a result, data from national probability samples are particularly valuable. 18 Limitations This study has some limitations. Consistent with research on small sample size populations, cell sizes of the transgender sample were small. As a result, subgroup differences beyond gender within transgender population were not analyzed, nor were less commonly used tobacco products such as hookah (for which no past 30-day use information was collected). Increased direct targeting efforts that facilitate a bigger probability-based sample are needed to enhance transgender sample sizes in future studies. Future work with larger populations of transgender participants is needed to expand on these findings that explore subgroup differences between transgender and cisgender populations. Larger sample sizes will provide the opportunity to look at further group differences, especially transgender people of color, sexual orientation, and forms of tobacco use other than cigarettes. Perhaps most important, only a single question explored gender, rather than two separate questions assessing sex assigned at birth and current gender. Future research should additionally capture sex at birth to tease out potential differences across transgender subpopulations (e.g., transition from male to female or female to male). Without that distinction, it is likely that the analysis based on male/female categorization includes some crossover between people assigned male at birth and those assigned female.
CONCLUSIONS
This study used data from a national survey to investigate differences between transgender and cisgender tobacco use. Transgender adults reported more use across tobacco products compared with cisgender adults. Future research that assesses gender identity (transgender) separate from sexual orientation, as in this study, but with an increased sample size, is needed to expand on these findings to allow analysis of subgroup differences within transgender and between transgender and cisgender individuals, including by gender, sexual orientation, and race or ethnicity. Examining the heterogeneity within groups will help develop more-targeted interventions, and also help learn more about gender-specific differences in tobacco use. The findings suggest that additional levels of influence should be explored to help understand why such disparities exist, as social and cultural factors not assessed in this study may influence the type of tobacco male or female transgender people use. The data from this and other studies can be used to inform best and promising practices for tobacco control and prevention for the transgender community in the areas of: 1. increasing monitoring of tobacco use and disparities using a separate question to assess gender identity; 2. evaluating ongoing programs for their effectiveness on transgender tobacco use; 3. crafting comprehensive tobacco control policies and cessation programs to ensure that the transgender population is being protected and appropriately served; and 4. developing targeted health communication campaigns to reduce the use of tobacco products. 20 For example, recently, the Food and Drug Administration regulatory activities over tobacco products led to the launch of one health campaign that focuses on transgender individuals, and evaluation of its reach and effectiveness is underway. Other regional-and community-level campaigns may also be needed.
